In the present study, air quality in a cage-housed laying hen house was investigated throughout the seasons by assessing dust and endotoxin concentrations. Measurements were done twice a month during the 1-year production cycle. The mean levels of dust and endotoxins ranged from 0.60 mg/m 3 in May to 2.83 mg/m 3 in November, and from 203.15 EU/m 3 in August to 745.53 EU/m 3 in April. Significantly higher concentrations of dust and endotoxins in the poultry house were determined in the autumn and winter seasons, and endotoxins in the spring season as well, compared to the summer (P<0.05 all). The results suggested that the cooler periods of the year pose a greater risk for the welfare and performance of laying hens, but also for the health of humans working in these settings in terms of the levels of airborne dust and endotoxins.
Introduction
Livestock housing systems, for poultry in particular, generate and emit large amounts of dust (CAMBRA-LÓPEZ et al., 2009; JUST et al., 2009; DAVID et al., 2015) , which includes all solid particles in a gas without flow that deposit slower than has been established by classic laws on fall. The health effects of dust particles on animals depend on the nature of the particles (organic, inorganic and nonspecific), the compounds the particles are carrying, and the diameter of the particles (OSTOVIĆ et al., 2009 ). High dust levels may irritate the mucous membranes of the respiratory system, cause inflammation and allergic reactions, and lower animal resistance. Dust particles are often carriers of pathogenic agents, harmful stable gases and unpleasant odours (SEEDORF and HARTUNG, 2002; MATKOVIĆ et al., 2012) . The sources of dust in poultry houses are food, litter, the animals themselves, especially their feathers and manure, microorganisms and endotoxins (KIRYCHUK et al., 2006; VUČEMILO et al., 2008) .
Endotoxins are a component of the cell wall of gram-negative bacteria, which are ubiquitous in the environment and can be found in the air, soil, water, dust, as well as in industrial and agricultural facilities, including animal housings (RYLANDER, 2002) . Nevertheless, the share of gram-negative bacteria in the total number of airborne microorganisms is relatively small, probably because of their sensitivity to various environmental factors (MATKOVIĆ et al., 2012) . Endotoxins are composed of lipopolysaccharide thermo-stable proteins and phospholipids (MADSEN, 2006) . They are liberated into the environment after lysis of the cell wall, but may also be liberated during bacterial multiplication. After chronic exposure, even in low concentrations, endotoxins may cause strong inflammatory and allergic reactions, and impair respiratory system function (VARNAI et al., 2004; HUNEAU-SALAÜN et al., 2011) .
Following a previous study on airborne bacteria and fungi in a laying-hen house over the 1-year production cycle (MATKOVIĆ et al., 2013) , this study reports on dust and endotoxin concentrations throughout the seasons.
Materials and methods
The study was conducted in a poultry house in the central part of Croatia, during all seasons, i.e. 12 months, by observing the 1-year production cycle of 17,200 cage-housed Shaver hybrid laying hens. For a description of the house and housing system, including the measurements of other previously reported microclimate parameters, see the study by MATKOVIĆ et al. (2013) .
The dust was sampled using SKC pumps (SKC Ltd., Blandford Forum, UK) and filters (Whatman International Ltd., Maidstone, UK), with an air flow rate of 4.0 L/min, over a 4-hour period twice a month, at two sites inside the house. Total dust concentration in the air (mg/m 3 ) was measured by weighing the filters before and after sampling, in a controlled laboratory, at an air temperature of 22 °C and relative humidity of 45% ( ± 5%). Sampled filters were stored at -20 °C until endotoxin analysis.
Pyrogen free glass and microplates (Greiner Labortechnik GmbH, Germany) were used for endotoxin determination. The filters, including controls, were extracted in 5 mL of distilled reagent water for two hours at room temperature. Extracts were centrifuged at 3000 rpm for 10 minutes. Supernatants were placed into fireproof plates at 75 °C for 20 minutes before analyses, to avoid possible interference. Endotoxin concentration was determined by the Limulus Amebocyte Lysate (LAL) test reported elsewhere (VARNAI et al., 2004) . A commercial kit with Endocrom (Charles River Endosafe, USA) was used, including LAL reagent (lyophilized), standard (E. coli standard control endotoxin), buffer solution and LAL reagent water.
A standard curve was created according to the endotoxin standard of 24 EU/mL diluted with the LAL reagent water, which was also used for multiple extract dilutions (1:25 to 1:200). The LAL analysis was conducted at 37 °C. Optical density of 405 nm was determined on a Personal Lab microplate analyser (Iason, Graz, Austria). Endotoxin concentrations were determined using the standard curve, proportionally to colour change. Results were expressed as Endotoxin Units per 1 m 3 of air (EU/m 3 ). Each sample was measured in duplicate. Controls had very small endotoxin concentrations. Analysis efficacy was 95%. The lower detection limit was 0.008 EU/mL.
Statistical analysis was performed using Statistica v.10 (StatSoft Inc., 2011) software. Data were analysed using ANOVA Repeated Measures and the Tukey HSD test for post hoc analysis. Correlations between the parameters were assessed by a correlation rank coefficient, ranging from -1 to +1.
Results
The mean values of dust ranged from 0.60 mg/m 3 in May to 2.83 mg/m 3 in November. The mean endotoxin concentrations ranged from 203.15 EU/m 3 in August to 745.53 EU/ m 3 in April (Table 1) .
The mean dust and endotoxin concentrations per season are shown in Figs 1 and 2, respectively. The lowest dust concentration recorded in summer significantly differed (P<0.05) from the autumn and winter levels (Fig. 1) . The endotoxin concentration was also lowest in summer, differing significantly (P<0.05) from spring, autumn and winter concentrations (Fig. 2) .
Correlations between the dust and endotoxin concentrations, and other microclimate parameters observed (MATKOVIĆ et al., 2013) by months are presented in Table 2 . A significant influence (P<0.05) of ammonia concentrations on dust and endotoxin concentrations, as well as of air temperature on endotoxin concentrations was recorded in February. In March, there was a significant correlation (P<0.05) between air velocity and dust and endotoxin concentrations. Carbon dioxide concentrations had a significant impact on dust levels in April, air temperature and ammonia in June, and air temperature and air velocity in July (P<0.05 all). The study results also revealed the significant influence (P<0.05) of air temperature, air velocity and ammonia on dust and endotoxin concentrations in August. In September, air temperature, relative humidity and ammonia concentrations had a significant impact (P<0.05) on endotoxin concentrations. In November, the dust concentration was significantly influenced (P<0.05) by relative humidity and ammonia. 
Discussion
Good air quality in livestock houses is necessary for the welfare and performance of the animals, as well as for the health of the humans working in those environments. Air in animal houses is regularly contaminated with various pollutants, such as dust, harmful gases, microorganisms and their components -endotoxins (PRESTER et al., 2010; MATKOVIĆ et al., 2012; VIEGAS et al., 2013) . In this study, the influence of season on dust and endotoxin levels in the air of laying-hen housing during the 1-year production cycle was investigated, following a previous study on airborne bacteria and fungi (MATKOVIĆ et al., 2013) .
The mean airborne dust concentrations per months, ranging from 0.60 mg/m 3 to 2.83 mg/m 3 (Table 1) , were in accordance with the results of other studies conducted in houses with cage-housed laying hens (GUARINO et al., 1999; LARSSON et al., 1999; WHYTE, 2002; SALEH et al., 2007) , the values of which are lower compared to those recorded in other poultry housing systems (NIELSEN and BREUM, 1995; ELLEN et al., 2000) . By comparing the mean dust levels per season, a significantly lower (half) dust concentration (0.88 mg/ Numerous factors affect the level of air pollutants in animal housing systems. These include animal species and category, animal activity, the housing system and density, the housing microclimate, litter quality, the type and method of feeding, hygiene procedures and ventilation (MATKOVIĆ et al., 2006; 2012; VUČEMILO et al., 2007) . As shown in Table  2 , in the present study a significant positive correlation between air temperature and dust concentrations, as well as a significant negative correlation between air velocity and dust concentrations, was recorded in the summer months. Therefore, the lower concentrations of dust in the air of the house during warmer compared to cooler seasons (Fig. 1) may be ascribed to increased ventilation during the warmer period (MATKOVIĆ et al., 2013) , as was also confirmed by DAVIS and MORISHITA (2005) . Accordingly, besides the animal category, dust levels in poultry houses are primarily affected by the type of housing system and ventilation.
In this study, endotoxins were isolated from dust samples, as there is a positive correlation between dust and endotoxin concentrations (DONHAM and CUMRO, 1999) . Accordingly, lower concentrations of airborne endotoxins were found in cage-housed laying hen houses than in other systems of poultry rearing (SIMPSON et al., 1999; WHYTE et al., 2001; SEEDORF, 2004; HUNEAU-SALAÜN et al., 2011) .
The mean endotoxin concentrations per months ranged from 203.15 EU/m 3 to 745.53 EU/m 3 (Table 1 ) and were at the lower level reported in the literature (LARSSON et al., 1999; SALEH et al., 2007; SCHIERL et al., 2007; HUNEAU-SALAÜN et al., 2011) . According to season, the lowest mean endotoxin concentration was determined in the summer (226.49 (Fig. 2) , when air temperatures in the house were lower compared to the summer (MATKOVIĆ et al., 2013) . Apart from in the spring, the mean endotoxin concentrations followed the mean dust concentrations ( Fig. 1 and 2) .
A significant negative correlation was determined between endotoxin concentration and air temperature (Table 2 ). This finding is in contrast to the report by CARTY et al. (2003) , who stated that endotoxin levels are higher at higher temperatures. However, as already mentioned, a positive correlation was found between dust and air temperature (Table 2) , and between dust and endotoxin level, except for in the spring ( Fig. 1 and 2) , indicating that dust and endotoxin concentrations were affected by different factors, as shown in Table 2 .
In conclusion, the study results showed airborne dust and endotoxin concentrations in a laying-hen house during the 1-year production cycle to be higher in the cooler seasons, presenting greater risk for their welfare and performance, but also for the health of operators in poultry production of this type.
